Methods
We performed molecular dynamics simulations for a system composed of one copy of the interphase human chromosome 17 interacting with one copy of the interphase human chromosome 18. The chromosomes were modeled using the Minimal Chromatin Model described below. Each bead in the Minimal Chromatin Model represents a genomic segment spanning 50 Kb of DNA resulting in 1626 beads for chromosome 17 and 1564 for chromosome 18.
Hi-C data from Rao et al. (1) were used in (2) to train the empirical energy function of MiChroM in order to correctly characterize the structural features of human lymphoblastoid cells in interphase (cell line GM12878). Chromatin types annotations and loops locations, which are input to MiChroM, were also obtained for these cells from reference (1). The Gene Expression Omnibus (GEO) accession number for the data sets used for the training is GSE63525.
Minimal Chromatin Model (MiChroM)
All simulations methods in this manuscript are the same as those used in references (2, 3) .
Minimal Chromatin Model Energy Function
The MiChroM energy function is:
with the contact function:
and with parameters µ = 3.22 and r c = 1.78 .
Parameter Set
The parameters α 's governing the type-to-type interactions are: The parameter χ governing the loop interactions is equal to -1.612990.
Ideal Chromosome Term
The Ideal Chromosome Potential is:
with parameters γ 1 = −0.030 , γ 2 = −0.351 , γ 3 = −3.727 .
Homopolymer Model
The homo-polymer potential U HP ! r ( ) models a generic polymer and consists of the following five terms, U FENE , U Angle , U hc , U sc and .
U HP
is the bonding potential applied between two consecutive monomers:
A hard-core repulsive potential
is added between bonded monomers to avoid overlap. A three-body term is applied to three consecutive monomers in the following form where θ i is the angle defined by the two vectors
All non-bonded pairs interacts through a soft-core repulsive interaction
The Lennard-Jones potentialU LJ r i, j 
Molecular Dynamics Simulations
First, we condense the polymer from an extended configuration initialized as a straight line. To condense the polymers, we perform 2x10 4 step MD simulation under the potential energy function
which is the homopolymer potential with an additional harmonic bias on the radius of gyration R g . We set
There is no spherical confinement in this phase of the simulation. Then, from these condensed polymer configurations, we perform 20 million steps of equilibration with the potential energy function U HP ! r ( ), which now also includes the confinement potential. The radius of the confinement potential was set to reproduce a volume ratio of 0.1.
All chromosome simulations were performed using the molecular dynamics package LAMMPS (4). In reduced units the simulation parameters that were used are:
Simulations were maintained at a constant temperature T = 1.0 via Langevin dynamics A time step Δt = 0.01τ was used for the simulation. The system was simulated for approximately 25 x 10 6 time steps. Configurations were recorded each 10 time steps (i.e. each 0.1τ ) leading to a total of 2.5 x 10 6 configurations sampled. The total angular momentum was restrained to be zero to eliminate rigid rotations of the system. An equilibration of 10 6 time steps at high temperature (T=10) was performed before starting sampling chromosome conformations.
Physical Units
The unit of length in simulations can be calibrated by using available FISH data of human lymphoblastoid cells as was done in (3) . Using this information we found that the unit of length σ in our model corresponds to 0.165µm, meaning that one bead has a radius of about 825Å. With this calibration, the chromatin density in our simulations is 0.002 10 σ 2 τ bp/nm 3 , which in is excellent agreement with previously reported estimates (6), especially when considering the variability in size between cell types and even within a homogeneous cell population. Using the Einstein-Stokes relation we calculate the diffusion coefficient of a bead D = K B T / 6πηr as that of a sphere of radius r = 0.0825µm immersed in water at 298.15K. Using the viscosity of water η = 8.9 x 10 −4 Pa ⋅s we obtain the diffusion coefficient of 2.97 µm 2 /s. Comparing this latter estimate for the diffusion coefficient of the free bead with the previous estimate of the same quantity in reduced units ( D = 10σ 2 / τ ) we obtain that the unit of time τ in our simulations corresponds to approximately 0.1 seconds. The time step used in the simulations then corresponds to .
Rouse mode analysis of chromosomal chains
This section is devoted to the quantitative determination of Rouse modes from the molecular dynamics simulation data. To this end we start from the known exact solution of the Rouse model for simple Gaussian chains. The effective Hamiltonian for a Gaussian chain is:
Where ! are positions of monomers connected by springs with equilibrium bond length . The entire chain is embedded in thermal bath with temperature T, which results in the following equation for each monomer:
Where ! are stochastic displacements, which are related to the temperature of the heat bath via fluctuation dissipation theorem. Fourier transformation of the monomer coordinates yields the Rouse modes:
Using this definition of Rouse modes, one can compute the same quantity for the MiChroM chains using simulation data. For the chains obeying Rouse dynamics the following exact result holds: 
